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Effects of change in primary forest cover on armadillo (Cingulata, Mammalia)
burrow use in the Central Amazon
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Abstract. Transformation of primary forest to other vegetation types alters the availability and distribution of resources,
and thus affects their use by species that inhabit the forest. Although armadillos are important earthmover mammals
in the Amazon forest, and their burrows play an important physical and ecological role in the ecosystem, the impact of
loss of primary forest cover on these organisms has been poorly understood. In order to evaluate the effects of change in
the primary forest cover on burrow use by armadillos, we performed 2 censuses in 33 plots within 12 sites of different
vegetation cover characteristics, and recorded burrow density and current use. A total of 109 armadillo burrows were
found; the sites with higher percentages of primary forest cover showed a larger number of active burrows, although
burrow density and the probability of establishing new burrows remained unaffected by this variable. Our results show
that areas with higher quantities of primary forest habitat show more intense use by armadillos, probably due to the
permanence time of individuals. These findings suggest that the viability of armadillo populations, as well as the role
that these animals play within the ecosystem, may be affected in disturbed areas.
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Resumen. La transformacion del bosque primario a otro tipo de vegetacion cambia la disponibilidad y distribucion de
los recursos, afectando su uso por especies que habitan el bosque. Los armadillos son el principal grupo de mamiferos
escavadores del Amazonas y sus madrigueras cumplen un papel fisico y ecologico en el ecosistema. Sin embargo, no
se conoce el impacto de la pérdida del bosque sobre estos organismos. Con el fin de evaluar el efecto de los cambios
en la cobertura de bosque primario sobre el uso de sus madrigueras, realizamos 2 censos en 33 parcelas dentro de
12 localidades con diferentes coberturas vegetales y reportamos la densidad y el estado de uso de las madrigueras.
Encontramos 109 madrigueras y observamos un mayor nimero de éstas activas en areas con mayor cobertura de bosque
primario. Entre tanto, la densidad y la probabilidad de fundar nuevas madrigueras no se vio afectada por el tipo de
cobertura forestal. Nuestros resultados indican que areas con mayor cobertura de bosque primario exhiben un uso mas
intenso por armadillos, probablemente por una mayor permanencia de los individuos. Esto sugiere que la viabilidad de
las poblaciones de armadillos y el papel que desempefian en el ecosistema, puede verse afectado en areas con héabitat
modificado.
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Introduction

A major consequence of fragmentation is the reduction
in habitat quality caused by the transformation of the
original vegetation cover to other vegetation types (Fahrig,
2003). This transformation may affect the permanence
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time and habitat use patterns of organisms in modified
environments and, in turn, implies alterations to the richness
and composition of species (O'Dea and Whittaker, 2007;
Barragan et al., 2011; Narendra et al., 2011), demography
of populations (Holland and Bennett, 2010), genetic
structure and diversity (Gibbs, 2001; Dharmarajan et al.,
2009), and ecological interactions (Laakkonen et al., 2001;
Jorge and Howe, 2009).

Tropical regions have been subject to a substantial
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reduction in forest cover, resulting in modified
environmental conditions for the native fauna. For
example, habitat loss due to deforestation in southern
Mexico has caused the local extinction of large mammals
that were important to the dispersal of fruits and seeds of
tropical trees (Melo et al., 2010), while the primary forest
of the Amazon that has been exposed to deforestation led
mainly by the cultivation of soybean and clearance for
cattle pastures (Fearnside, 2003). Changes in vegetation
cover can affect the habits and behavior of a variety of
organisms, but whether such changes in habitat conditions
are positive or negative depends on the individual species
involved. While some mammal and insectivorous bird
species of the understory are vulnerable to forest cover
alterations (Bierregaard and Stouffer, 1997; Michalski
and Peres, 2007; Jorge, 2008), others have responded
positively to such changes (Stouffer and Bierregaard,
1995; Malcolm, 1997; Jorge, 2008). Since habitat loss
and degradation are important factors that produce
changes in biodiversity, investigation about how such
modification affects population dynamics of species is of
great importance.

In this study, we examine the effects of forest cover
loss on habitat use by the main group of excavating
mammals in the Amazonian forest, the armadillos
(Cingulata). These are solitary and nocturnal animals
with a generalist diet composed mainly of invertebrates
(McBee and Baker, 1982). Armadillos use their burrows
for a variety of purposes such as shelters from predators,
safe places for reproduction, and protection from severe
climatic conditions such as heavy rain and extreme
temperatures (McDonough and Loughry, 2008). As
observed in the burrows of other species (Wesche et al.,
2007; Eldridge and Whitford, 2009), armadillo burrows
may also increase airflow in the soil and thus modify
mineralization rates. Furthermore, these burrows can
act as refuges for other vertebrate species and form
suitable habitats for invertebrates (Machicote et al.,
2004; McDonough and Loughry, 2008). These factors
highlight the importance of evaluating how changes in
primary forest cover affect armadillo habitat use, since
these changes may affect the ecosystem at several levels.

The total number of armadillo burrows present, and
the proportion in active use, could provide important
information about the activity of these species. Armadillo
burrows have previously been used as evidence of habitat
use in different ecosystems (McDonough et al., 2000;
Abba et al., 2007; Arteaga and Venticinque, 2008). The
objective of our study was to evaluate how change in the
vegetation cover of a primary forest affects the use of
the burrows by armadillos. We expected to find a lower
density of burrows, a lower proportion of active burrows,

and a lower probability of occurrence of new burrows in
areas with a lower proportion of primary forest cover.

Materials and methods

Study area. The study area is located in the Central Amazon,
(2°18°21” — 2°27°46” S and 59°45°33” — 60°06°44” W),
approximately 80 km north of Manaus, in Brazil. This
region was subject to extensive deforestation producing an
area composed of primary continuous forest and patches
of 1 to 100 ha, surrounded by secondary vegetation. The
primary forest is ombrophil terra-firme with a canopy
height of 30 to 37 m (Pires and Prance, 1985) and emergent
trees reaching 45 to 50 m. Tree diversity is high, surpassing
280 species/ha in some areas (Oliveira and Mori, 1999).
Secondary vegetation is dominated by Cecropia sp. and
Vismia sp. (Pires and Prance, 1985). Annual rainfall in this
area varies from 1 900 to 2 500 mm, with a dry season
from June to October (Gascon and Bierregard, 2001). The
study area is part of the Biological Dynamics of Forest
Fragments Project (BDFFP) at the National Institute for
Amazonian Research/Smithsonian Institution (INPA/SI).
Four armadillo species (Cabassous unicinctus, Dasypus
novemcinctus, D. kappleri, and Priodontes maximus) are
found in the Central Amazon (Emmons and Feer, 1997) and
have previously been recorded in the area of the BDFFP
(Timo, 2003). It has been suggested that burrow entrances
themselves can offer specific information regarding the
identity of the armadillo species (Carter and Encarnagdo,
1983; Abba et al., 2007). However, a previous study suggested
that this method is inaccurate in this region, because burrows
of similar dimensions may be built by species of similar size
or by individuals of different-sized species, belonging to
different age classes that happen to coincide in terms of size
(Arteaga and Venticinque, 2010). For this reason, the response
of the armadillo community as a whole was evaluated, rather
than as individual species. We consider that the approach of
using the whole armadillo community is interesting and of
value because it allows an understanding of the effect of cover
forest change over the community at a landscape scale, and
provides a basis for future studies at the species level and at
smaller geographic scales.
Survey design. We surveyed 12 sites in a forest landscape
that included fragments of different size and sites of
continuous forest. We included 4 fragments of 1 ha, 3
fragments of 10 ha, 2 of 100 ha, and 3 sites within areas
of continuous forest (Fig. 1). Within these sites, we
established 33 plots of 3 200 m? (40 m x 80 m) distributed
on flat land as follows: each 1ha fragment had 1 plot; each
10 ha fragment had 3 plots; each 100 ha fragment had 4
plots and the continuous forest had 4 plots in each site. All
plots were located 100 m apart.
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Figure 1. Spatial localization of the 12 localities sampled in the Central Amazon, Brazil. The study area of the Biological Dynamics of

Forest Fragments Project (BDFFP).

To calculate vegetation cover, we located the 33 plots
within a satellite image and classified the vegetation
type as primary forest, secondary vegetation dominated
by Cecropia sp. and Vismia sp., or pasture. The
Geoprocessing laboratory of the BDFFP performed this
classification based on a LANDSAT 7 image from 2001,
using IDRISI software (Moreira, 2003). After locating the
plots within the image, we calculated the proportion of
primary forest and secondary vegetation in a buffer of
300 m surrounding the edge of each plot by means of
digital analysis, using ArcView 3.2 (ESRI, 1996). Pasture
was disregarded since its values were quite low (less
than 5%). We measured the vegetation cover in a buffer
of 300 m because we expected that a change within this
distance could influence habitat use by armadillos, since
the typical movement range of resident adult armadillos
has been reported to be less than 200 m (Loughry and
McDonough, 1998; Loughry and McDonough, 2001). At
each site (n= 12), the percentage cover of each vegetation
type was estimated by calculating the mean of the
percentages of the plots present.

Burrow censuses. Between February and August of
2003, we surveyed the 12 sites. Since temporal and
spatial variation in habitat use is common in adult males
(Loughry and McDonough, 1998), we surveyed the plots
within each site twice to record the number and any
change in the use of burrows. Censuses were completed

within a time interval between of approximately 70 days.
To survey each plot, we paced ten-80 m transects, spaced
4 meters apart, and were thus able to detect all the burrows
present. We recorded and flagged a burrow as ‘active’
when we observed footprints and the soil in the entrance
or within the burrow had been disturbed. This use of
indirect evidence to determine the status of a burrow is
common in the study of armadillos due to the difficult
nature of direct observation of these species, as reported in
several studies (e.g., McDonough et al., 2000; Michalski
and Peres, 2007). Burrow density was calculated per plot
(number of burrows x 10 000 m? (1ha) / 3 200 m? (plot
size)); an average was then taken of these estimates to
give the density for each site. Burrow density was used as
an independent variable in the statistical analysis rather
than the number of burrows since the former enables
direct comparisons between studies in other environments
or even between taxa. The proportion of active burrows
and the probability of occurrence of new burrows were
also estimated as evidence of habitat use. The former was
calculated as the number of active burrows in each site
divided by the total number of recorded burrows in the
same area. To calculate the probability of occurrence of a
new burrow, the presence or absence of new burrows in
the second census was transformed into a value of lor 0.
Statistical analysis. The proportion of primary forest
cover was the measure of remnant habitat present, and was
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used as the independent variable in statistical analysis. To
determine whether the proportion of active burrows varied
between sites with different primary forest cover, we used
an ANCOVA as a function of forest cover (continuous
variable) and census (fixed), and the interaction forest
cover x census. Furthermore, we performed independent
linear regressions for the proportion of active burrows
and the total density of burrows as a function of primary
forest cover. To assess the probability of occurrence of
new burrows, we performed a logistic regression where
the dependent variable was the presence (1) or absence
(0) of new burrows in the second census at each site, as
a function of primary forest cover. Statistical analyses
were conducted using JPM 5.01 software (SAS Cary, New
Jersey, USA).

Results

Of 87 burrows recorded in the first census, 33 (38%)
were active. In the second census, 22 more burrows were
detected and, of the total 109 burrows, 50 (46%) showed
signs of activity. Forty percent of the active burrows in the
first census remained active in the second census. Burrow
density varied between 2.78 and 14.80 burrows/ha, and
no significant effect of primary forest cover was found
for this variable. The proportion of active burrows was
significantly affected by the percentage of primary forest
cover (F=46.654, p=0.0001), but was not affected by the
census (F=2.442, p=0.122), nor by the vegetation cover x
census interaction (F= 0.231, p= 0.631).

Sites with higher percentages of primary forest cover
showed larger proportions of active burrows (first census
R’=0.470, F= 8.885, p= 0.013; second census R’= (0.387,
F=6.339, p= 0.030; Fig. 2), suggesting that these sites
are used more intensely by armadillos. In contrast, no
significant effect of primary forest cover was found on the
probability of occurrence of new burrows (X°=1.24, p=
0.2652).

Discussion

Spatial-temporal analysis of burrow excavation by
animals can offer valuable information regarding the biology
of a species (Kinlaw, 1999; Hayes et al., 2007; Arteaga and
Venticinque, 2008; Canta-Salzar et al., 2009). We found that
the change in primary forest cover had an influence on some
aspects of armadillo habitat use and may affect the spatial
use dynamics of this group within a fragmented landscape.
The proportion of active burrows was greater in areas with
a higher percentage of primary forest cover. However, the
probability of establishing new burrows was unaffected
by this variable. Although armadillos dig new burrows in
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Figure 2. Relationship between primary forest cover and the pro-
portion of active armadillo burrows in 2 different censuses (see
detail in the text) in the Central Amazon, Brazil.

areas with different vegetation cover, sites featuring larger
extensions of primary forest contained more active burrows,
indicating a more intense habitat use, probably due to a
greater permanence time of the individuals in the area.
Change in the primary forest cover can affect abiotic
features that determine habitat selection. Microclimate
conditions are modified throughout the different vegetation
cover types. For example, areas with a higher percentage
of primary vegetation cover may have lower temperatures
and be less dry (Kapos et al, 1997; Pohlman et al., 2007
Pohlman et al., 2009; Laurance et al., 2011). These
conditions probably affect the behavior of the armadillos as
they are poor thermal regulators (McNab, 1980) and might
prefer sites with more stable temperature and humidity
conditions in order to maintain their metabolic rates. Thus,
microclimatic conditions may influence the preference of
armadillos for habitat areas with abundant primary forest
cover. In addition, changes in the availability and amount
of food can influence the presence and permanence time of
several animal species within a geographic area (MacArthur
and Pianka, 1966). For instance, the frequency of badger
(Meles meles) burrows increases substantially in areas
with a high abundance of food resources and moderate
human disturbance (Virgos, 2002). As consumers of
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invertebrates (McBee and Baker, 1982), armadillos can be
affected by modification of the available prey. Changes in
insect community composition and abundance have been
recorded in disturbed habitat (Vasconcelos, 1999; Narendra
et al., 2011). Consequently, areas with a high percentage of
primary forest may offer a relatively higher availability and
diversity of invertebrates.

The presence of burrows in sites with different
vegetation cover and the finding that changes in primary
vegetation cover do not have an effect on burrow density,
indicate that these animals are using different environments
within the fragmented landscape. Previous study in this area
has found that some armadillo species can use the matrix
of surrounding forest patches (Timo, 2003), composed
of secondary vegetation older than 30 years (Laurance
et al., 2011). Furthermore, high burrow densities of the
nine-banded armadillo (D. novemcinctus) in medium
size fragments (>200 ha) and disturbed agrosystems have
been found in 2 different regions in the Amazonian forest
(Naughton-Treves et al., 2003; Michalski and Peres, 2007).
Despite the fact that we recorded a 20% increase in the
number of burrows between censuses, indicating once again
that armadillos actively used the study area, the permanence
time of individuals in patches seems to be influenced by
the quantity and quality of the habitat surrounding their
burrows. These animals have a great impact on the landscape
as they actively modify the soil and their burrows serve as
shelters for other species (McDonough and Loughry, 2007).
However, the less intense habitat use detected in areas with
a smaller percentage of primary vegetation cover would
reduce this impact.

Our results suggest that habitat use by armadillo
populations, as well as the ecological roles they play,
will be diminished in areas that have a lower proportion
of primary forest cover. Connectivity between patches,
through corridors or regeneration within the matrix, may
serve to mitigate the effect of deforestation on these species.
Changes in habitat use patterns, abundance of mammal
species, and their intra and interspecific interactions have
been attributed to landscape fragmentation (Jorge, 2008;
Jorge and Howe, 2009; Boyle and Smith, 2010; Melo et al.,
2010). Such changes are increasing the extinction risk for
various species and, as a consequence, may have an impact
upon the dynamics of entire ecosystems.
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